
MARS GLOBAL SURVEYCW [M[X;] t ill+: “1 k-M1 ‘E FIAT IJRE: SUfWIVAL SOLAR ARRAY

Paul M. Rclla and Fkmald G. Ross, Jr. [ \IXI I f, $; III 1,1)  and Grxxlory  S. Glen!] Khaled S. Sharmit

Jet IYopulsion  laboratory :)[ I[!ct.iwlatr,  Illc, 1 ockheed-Martin  Astronautics

California Institute of Technology : ;ylmar,  [:fi Oenver, CO

[’asadcne,  CA

AbstrfJct

llm MGSn_rirsionis  one of the first rnajrm  pliir,ctri,  y (II  .L.I  III:.

conducted undr!r  the new NASA Faster, ~rXJ.w, (: INI:I;  I(:I

guidelines. Ironically, missicm requirements rnalw  d I( M(S :,! 11,11
array arm of the nlost. challenging designs built fw IJAW  NI II I M 11)1

will the array include silicon and GaAs/Gc  pen(d:., t ,ul tJ II SI 1101
arraywll  be usedt.o aerohreke the spacecraft in tll[ UIIIIL!I  I I:gi m:,
of the Martian atmosphere. Consequently, even IIIou@  I II II ii:,~.w I
to Mars is normally typifmd by cold temperwwl c:. o[:( (II II d.m{l
imposes a high temperature requirement of OCOI  If 1 }{[ r’ [;, I Ii{d w.’
than tJ)at  experirmced  by any previous array. Tt w way si ,1. i’. t;~ II Itlj

constrained by mass and area. Stnce the aerchroking  CIU.(LII:,  I iwlj
in the mission, it is nccessmyto  subsaquentfy survive ul I t( I ;’[I,f K K )
lower temperature t.hcr(nal  cycles. F:urthernmrc. (JIC I,N;MI  III (if II
nmgnotometar directly on the array st.ructurc r [.111 iir t,’+ tJIII
minirnimtien  of circuit induced magnetic n]orlm~t:. “I III:. p II I(!:
provides an overview of the array design anti fwrl~,  Il,i.)[  t. III

addition, tJIc high rzmperature  capable design ami d(,wd( q ~rl II:1  II  WI

be discussed in detail.

Introduction

The MGS mission is one of the first major pkmctiII y r,, :,, ior,!
conductsd  under the new NASA Faster, Fje(te(,  ( Xw ~1 III
guidelines. Ironically, mission requirements rrrukc tl II M( ~, :.(-ll:l
array one of tJIc most chalkmging designs twill. ftII fdh:.t.  III
particulm,  the solar array will be used to aerobrtk:  LI II SIIt II. I i rt+f
in the upper r[!gions  of the Martian atrnosphcr.  t:. 7 III:. wd: I I(> dorl(
to Iowr!r  and circularize the initially high elliptical i!(sw  iJvl 1111111., ~1
a method to reduce spacecraft fuel mass. AM Iougl I tf II: 11[1:.i

techrique was proven on tile Magellan Venus nwplling  I iii:. i:) I t.!  I
concMom  for MGS spacxwaftvary  signilcantJy 1 ho M: I(WII,  IrI E.011
array was designed for a high temperature opcrttirlg  (! I rAI  (III I IW I

and acrobrahng was performed only after all cw@ IiII  II II ,:,io I
objectives were cornplr!w!d.  In contrast. MCX v~ill l](~r I I Ial ~ l,!, il I t
low t.omporature  environment. and aerobraki-r[l will t,[ f w f[l I I I,! ;

at the beginning of the primary mission. A faiful  [, dw il I:! tJln. I d m .“

w i l l  br ca[w;tucrptli::  for LJIe mission. After completion of

acr o!~r  ,J@ the MG$ solar erray-  will be required to operate for
all[lroxll na[fdy fwc yews ond survive over ?0,003 additional, less
Sr!vl!l l!, tJlcNl  1:)1 cycles. 1 tl{! hKS  wray consists of two wings, each

wit]  I LW,I parul!ti.  ”1 he O(JU,I’ panels are covered with silicon cells and

the irm v witJl  GrI&,/(;c.  [ acti panef is approximately 1.F35  m wide
by 1.7 III long

[M;,  ]g tile approurj IatAy  4U) acrobrabng ortr’i,s, atmospheric
drag 01 I the orrijp  will cause significant heating. In order to avoid

danlage  to the solar CC!II  c.ircwits, the array panels will be oriented
se ti Iot I}I(! rear sidc~  will face irl the direction of travel during
acrobr  ~k@  l-he solw panels will not be generating power during
tfri:.  tirr IL: CMrufations  indicate that the rear surface temperatures
nwy re:lch us h@] a:> rl]id 1 Wls” C. For this reason, all wiring and
conrw:.t.ors  wifl  he kcf,t on the panel front surfaces. The front
surlam temlm-ature:,  are expected to be approximawly  300 C
cooler t.harl the rcer. lady design considerations indicated that
during safe rnocle, WI lic.tl would c)ccur if there were a spacecraft
arrornoty the antrys wuld facz forward during an aerobrahng orbit

(:onsc,qucnt.ly, K war r,crx!ssar-y to design the entire array for a
wors[ cmsc  t.f!n Iperat.w’c of approximately 1 F30°  C.

In oddtim to tJIc s~il){gert  high temperature requirements. the
:mwy mass and ur(w were tigf]tly constrained so that the array
cl{ !sigI I r~!quirwd  tJ IC uzc cIf Ii[l} Itwcight components wf~ere  possible
1 tris irl hdc[f  LJIC  panel horrcl~omb substrate wtrich  consisted of a

low CII :nsity  durninw~l  honcycc)rnb  core with thin composite face
SIWCU. The array am! W& tied into not only the mass constraint,

bul [11:,0  ac:robr  akI”rg drag conditions which balanced heating
IIgairl(.l drtlg force With the riced for a fairfy high overall array
povwr  ca[mtlilrr,y  [1 eblr 1 ] end an additional constraint of cost, the

III ml design resuhecl  i{, tJIc usc of both silicon and GaAs/Gc  solar

cell ccrvurecl parwk,  1 hr: forlner cell type helped keep the costs and
n Iaw.  Icw,  and t.1 IC fatter prtided  a greater power output Since the
two ct:fl wx!s exfli[rii  dlffercnt performance during the mission, due
to clfil(~ler~ti:!n  j[,clat~lr[: c.o~!fflcirmts and radiation behavior, circuit
dw.ign  had to hancile  tJm complex power change throughout the
r] !i:.si.u I. l“hc criti(xd rl Ii:.sicm  design  point occurs approximately 2



years int,o the mission rotlwr  than at end of till: Int(:r(.[]ru  w(;ts to replacement solar cells

&l(lti]crr~l:]jnr anwydr:sign driver was inlpo:,eil hy ttu I ,(.ii~it~

Of primary science equipment. a magnebmnr!u!l,  cm tl I( I :1~ o+ thi
outer  pwds, adjacent tn thE!  electrical circuit!., (t~irittii)[,i;  \.i{J) t}l(
limited pcrrwl  surface area availablo  for wiring, ri~wn  .:,,’,;  ;!./,,  a V(;I ~
cxwadve circuit.  layout ancl  wiring  schomc LO n linin  liz~,  ill I} I ( I /{It u ti

moments Reduction of titc array magnetic ficdd i:; ~!sI  N w!,dt~ :,oi~t  .[,l
in view of tile weak Martian magnetic field [if rm$ A (lllll.lt  II:  iI:.JIix  (

of the la~utvms tJle real fimo circuit. design conclu:;(ed  I! ii,@ 1)} i,tl!;
magrmtorneter  printipal  ir westig  ator and Spe@(Jo\~  1 m :;mi if!!  11 ]

A final drimr  w~s imposed by the array delivery dah~, v,tri(  t i I,, ,i,o,wl
a total cyclo from program start LO delivery uf 1 d !! t:)ri{~):.,

conslderwbfysfwtzr  than tile Mayellen arrays, fc]t [,~i)ir Ii ,1[: I-1 i,i,:v<
of Lhe arrwy  complexity end Ilmited  time, a LC:IIII r o 1:.1:.  tII I,!  n’

rf!presentadves  from Lockheed Martin, Spcx:trcIl! III, w II i ,1[’, v, iis
assembled to work closely together in order to II II ,c!t 11 IC rl it:~,  .IIII I

requirelnents, As will tw shown in the foflotir  Ig S( :{.{;  lrl. , t ) ti:
industry (%vernr nent. team approach load to t.hc! sw. ( xx.:. ({)! [i, ![(.’{ !ry

of the MGS arrays, on schedule and cost, f!llt![ :titi[:ly I J N w! il[!
technicfil  and programmatic challenges.

@tboard w@rg p.lj .1,

Bugin of Mission 468 watts 583 watl~; :’ ‘I(ll<v,f

Mid Design Point 151 watts 187 W:lttt. (I Ei[{ kV\’

End of Mission 128 watts 177 WW,. [1 E;l [M’
Tabfc 1. MRS Power f {requirements at 32 voiis L oil i

Design for Aerobraking

EJuril  lg armbraking.  the hotkst areas will be WI tiw ~}i)l N -’ II.; r
side. For this reason, all components were at..td  II:(I to L~IE  1(, II t
side. Cjonsidrwcrtrle  design effort was exerted  to r!:l w f: [Ill
componen&s  could be positioned wilile  main~ining a higl  I !;01 r ( .(:11
packkg factor to meet power requirements an(f a:.( WI II, Iocf M i,ll

. .
wrong. r~ch material and process proposed fol tll~! w 1,11 w, is
investigated for its ability m survive multiple exf!cwurix.  t,.) 7, 1)”(:
Materials forwfrkh  specifmf service tempcraturw.  wcrt  II--S:  tl,;~l  t
2(X)-C  w(!rw sut)jc!c&d  m e[lgincering tests to shcw, t)l:t tl 1( :y 1.(, h I

survive the specified erwironmcnt.  The selccl (:{I [I if t I)td cd

interconnecdcrn  was  wwkfing  Howwmr,  the follcnvino joil,[ t dir i I)C .!,
would be soldered

Lead wires to circuit terminaticrn  t~:b;
Load wires to terminals
Tcrrninals m terminal boards
EJiocles  Lo terminals
Diodes LO cell tabs
Splices (dic}dc  wire, wire-wire]
Replacement tabs La solar cells

A dmwlo~wnmt pr (Igmrn wm  initiotscl  tn select and qualify a
s.(dcf:~r and sokk!ti  lg fn}(~!ss  WI Iic;t ! would ensure that all the above
joint ii Ilerfac:es  would surviw tJle specified environment The
dcvelry)r  I K!nl prugr,all  I is described in the next section. The solder
cwl(liridte of choice !wkx:tc d for the array was Sn 95/Ag 5 [M.P.

2?6”(  :j Teblu 2 Ii:;(s; t)w selected materials and their specified

Crtaxirrl,.url  ol]erotirl~ tr;ll lp[!rature. Matm-ials  marked w“ti  an

asterisk (* ) were Llms(.T for wf Iir;t  I there was a high temperate

sllfviti:~dl~y  C:  Orl  CW’fl.

f~oI I l~~~tFnr .ME,L@Ij Max. Temp.
Solor  Cell $h, C% JAs/Ge a50”c
kltlv conr![!(:Ls Slfv[!r-Pluted  Moly $mo”c
hJL!(@lSs (k!ria  [)oped  Microsheet  >1 ,DCCJ”C

C:ovurglass Adtle:,  DC $1<3 5CKJ 315°C
SoLu Cell Acftlesiw:  C:V 25G[I 450”C
1 ef I]rinat  E+clard* 1 ~m G}-N 130”C

Copiwr  Clad Fiberglass
Tern Iina! Eiowci
Adtwsiw” [K>ti 1104 .XKJ”c
Wll  L’  kISUkllJCln MI1-W-P?759 3DO”C
vhf t: (;c)f,per 1085’C
Cor,rlectors MIL-Cr?430El, type B 2asc
C+XLII lding AcIIK!s * EiGC, C:at  9 135°C
Scd(irr* Sr19~]/Ag  5 i??t3”c
[)IC)(I(!S* MI1-S195CX) 17!i”c
Insuliltiorl 1 ape * P:’?4 155*C
1 ti[d,, 2 ARt IAY MA1 t [{IN S SLJRVfVAEWfTY  TEMPERATURE

[)Jc: to t.h! firni~d tif rw ar)d funding available, it was clear that
cmly [i Iii r ii~:d  CJWUICII  H nwr(  d Iclrt could be carried out Clearly, there
was insuflckrct tknc w fl@t qualify ony process so that heritage or
sfigl]t  n m[fiflc.atirm clf existin~  processes was all that could be
reascmi  d !Iy r!xpecll!d  [ ollowirlg  a review of numerous solder
card!ckX~~!,,  four high  KY r IIICr ature scolders wore selected based  on
nwfting  ~wirt,s  mtd :;uitolrilt.y  for :;olar cell assembly Three were

tin/:;ibru  :;otdel with sibc!r  imcmltxlges  of 3.5,4, and 5 by weight
The fo Jrtl  I canchdat~!  wi+~,  o tirl/lea(f  material with 2% silver. These
n mb:rial. had nlirli(null  I rndt t[:nl~,E!ratures  of 2210  C. Samples of

ea(;h er I uy scolder Joint  were made using each of the solders,
Starlciw,]  tcnipcralul  c cmtrolled  tips were used and tip

Lonyx!w,l.ures  were vw-irci A stmdard  array assembly solder flux
“ dwas also UtAia  lhc! f!a:.  e. of flow ond solder fillet condidon were

observe{l It WEW  noted ttmt tJIc most difhcuft joint to produce was
tile ternmal  to t.erlllirwl  t,cmrrf  assrmtrly.  It was difficult LO flow the

sokkr  sif]ce the board pruvkfed  an efficient heat sink The flow was
irr}pmvecl  by EM ter swiu;lu( Ig tc} kwgcr solder tips or preheating the

tern Iinal t]owci  flJl sold(:r  [;rmchdates produced adequate joints



wilich  met the r;riterirr of NHFJ53CKJ.4. This was.  II IIII:U  i.: IL  ‘w I. It

nleant  that the c!xistkg  inspc!ction  c,rit,eria ccwki  tw I [.(< ,rl (I I to:
bcsLtisur4 joints were achieved with 95 Sri/5 Ag tin{) I I I: III ): I ,,,;:1

was generally ea:;iest.  to flow.

Ehsecl  on tiieso msufts, a development couImI I wii.,  i,:,.,1 (l d df!(l
in which all pcwsible solder joints wore i{lc.1.l[l~:[i  II I t f i,,il I’
reprwscntati  rxrnfiguratiorr  Other  mffterials  w(!r c Ir}:li I II !d {wI  i ,rt,
mm-wfarturwrs  clata indicated that the materials s!toul, I I IIIL I (II ~rlv[,

200” C ( Table 2]. The coupon consisted of two SUII I! I [II s{,1 xl
. .

cells m srmes. These mrdudod  welded and reiw IN o.{::.:, ;!II i(!l
bonds. A terminal board assembly, with blcmktng dI Kiu v;; I:
fabrica~d  and redunda(,t bypass diodes www ILtJ out I(-; t I ): t,

string Tlrec! cells werw  bonded over Kepton P?24  t;yi~! \IIM N, . tti
assess the impacl of excrxxling  the tape nlaxi(lwl ~ I r, v .(tff):  r I !I II k,(i

s e r v i c e  temporatme.  Adclitional PX?4 pak;tlf:!,  w,(,i f, 1 IltI (xi
external to tile cell circuits for visual examimkh  I a{ w If lx-.: I k
delamination. 95/5 solder was used for 4 boml,  F irIt,lly F’, ); w!!

ground wires were bonded into hok!s drilled in LJN  c:( uj{lrw  (III  Ki

5t3Cwid  I cataf@ 9. The coupon material was reprt:.r~lt, ti, e I:If I} K
MGS substrate.

The coupon was then subjecwcl to thermal sINK:I. iIII(l  i), !( ~ lid

cydingtests in EI CJNP  atmosphere. The thermal st iocl, (.{11,(: P ; rjf
8 r@es, -ICY Cto  ?CXY’C The temperature ratx, of cIIFI!,!)[, wo rri
excess of 30 C per minute with no dwell at til[!  [:xi(  t: I II(+ -1 t 1P

tJIcmml  cycle  tesb  ccrnsistnd c,f 300 cycles, -145” (: w ‘I 4 f :’ I ~ t I ::

nominal rate of P5° C/ mirwt.e with a one minul~-!  dt~(,l ill [2 t II
teml)era~re  limit A wmpletmnsive  electrical rmd VI:. UZJ III: ,11 [,[ II III
was  perhmncd  before and after testing Electrical (leg I iIIj,LJm  I v,i)!.
within the normal experimental error indicating tJvII t)l{, ;: ,:. I i I! dj
processes survivecl the high temperatures.

Thert! wem no P2?4  dt!laminations [either und[r rel d,): [x! ( ( !1:,
rrrdirecdyplaced  onthe Kept.on  insulation] The telfllirl;ll  t)i)tl( II II ::1

no defew  and did not. delernmat.e,  the grounding all w!,iul  st I IV, d
no sign of degradation encl  the diodes remainrxl  in I.11: I ‘I I I(. !,

materials were t.llerefm e considered wortily  cd UC,, II I t I It,

qualification  pancd and fkghl designs. The only n IZIV:I I II I I III; II

made in the course rrf the program was to sut]:,!il UI [: “t \II[ (; I [;
.

copper clad fhcrglass  (rmecl  to 180 C] for the t~I{. (;! h I m ~ (i II I

Table 2. Some visual arlomalies were notf!.1 %1 K.(,( ~N(II
examination revoalcd  that orw! s;older joint. had brrei  I lrn~ll  {111, :r i; v. 1,1
iniially rind two otlws had evid~!nce  of handling alar! l;)jJl ( M or, ill I I
concern w~s the appearance of cracks in some of U w :.(d~h:r  fllk,l ~,,
afdlough no separation was noted A pot.entiel ceu:.e clf tl II! o I+( J C,
was possible contamination from lead during iron IiIt tjrlr M 1{1 I c, I I

contamination can lead tn lower n~elting temperatu, e ard It.d I:.( ,:1
joint mechanical stmnc~l. It was felt that the use of a c}mlir ~ I!(,(i  t Ii:!’ I

tempcrehm  solder assembly area with new t.odin(l  WI NII:i I u, .,~i III

At tJ]is tiII K!, ~d[lti,ili)l  r’evi(!w of the solder properties indicated

that aldlough  t}l(! :;{)ltiei WaS kt!pt below the mefting  point., itS

n I(xJIa  Icel  SLIOI  IgtJ I, ~!v(!rl for nor]  t;ontmninated  bonds, was low at
~:rrlfm  [t,ur w. above eI l~]ro~inmt.cly 13W  C. Due t.a this, a decision
was rll:dc  U) rccl(m  any mrdlanical  stresses at the assembly
joii It:, Ii I pati(d w, atl>ic:hr,  I(!rlts [~latent  pending] were provicled on
LJII, m d LA!; to me{.hanically hold the soldered wires. The

alb+c hl I rents  were dc!w:kymd Lmdm SpE!ct,roIab lR&D in support of
tJI{:  Nl(-:.;  mission Sin tiltir Iy, all d{odc attachments included hookhg

the km I wirr!s togetJml prior tn soldering and sleeving with shrink
tutliog A  skf:t[:ll of Uli:; i:, SIIOWO in figure 1. In this manner.

ret,. (.f ml twal loads at tile herd would be removed from the solder

d[wirlg  the high tmnperf)tur  e acrobraking  For mission thermal
wflu;  ttfter a(:i  crl IIwbrlg,  tJle rnaxirlwm sold[!r  temperatures would
rerl  lair I tdow GO’ C arid high solder strength would be available.

TIIII rn(dmnicsl  supl~or-t would provide fen- Bn additional safety
fa;Lor  (luring  t.hc!  wor:;t  c:onditirrns

Low Ten)perature,  Low Intmnsity Ctpcrration

‘1 )][ MIX scdw awf,y  is rec]uired  to prcwide  power in Martian

rrrt;i  /it illIint.cnskyof(13’7 sur IS and operating temperature of -5*C

(sillc[m)  ancj  + 7 “C: [CkIAr;/CJCl. Scalar cell photo current is directly
fmt)( ,orlmnal  to :;cdar  in(m wity and can easily be calculated. In order
w pludl( L tha array  pwl(lr t T Ioltce in Martian orbit, it was important
tn dc,fm tI Ie vth.age lo:;: cIu[! tn tlw solar intarrsity at Mars and the
kJv,I inLc!  i:;ity  Lx:rllfx?l’$sl.(11  e cC,E:fflClf!ntS  for Current and vc]h,ege  for

tlotJl tflu!s of solar cell As scmn es MGS CXCS were available, 13
c)f each [.cII t~m were sul~t!cted  LO electrical performance testing

at ( 1.37 sun:;  frml temperatures bE!Lween  -BO”C  and + 75-C. Table
3 SIICIW:.  the low inter )sity t,mnperature  coefficients for each cell
type wf IIIC T [Me  4 st mws J-Jje voh.age  intensity coefficient es a

fwl(ti:nl of Lerrlpcrature 10 predcL array performance, the ?f3°C

load v(!h,l[)e inl~!n:;i~y  crwfllr.ielLs (.954 for Si, -.960 for GrIAs/Ge]
were u:rd irl car Ijuncti{m with tfm low intensity current voltage

to{ I l~}(:r  (lure t:oefficif:nt:; k is int~!resting  LO note that the low
irt+!~l:,ity  volUIgc u:nlprl  ahm! cm! fflcient  for silicon is larger than

tJ w 1 sul I value, Wflik!  Uw [kJAs/Ge  voltage t2mperatmc  coefficient
opl)~!er:>  uneffeclwl  by rt,durx!d intensity.

$j GaAss/Ge
V,m lr,lV/O C] .:) ,95 -1.97
V,,,, (r,)V/’  C:] .:) ~:] -:’.02
l,, (/( El/cf f?/”  (:J + 13.$1 +8,1
Irrlp (i(a/crn:’/”  C] + [: 6 + 5.9

1 ebl[  3 10W IN1 t NW Y TF M~”RATUFif CIIFFJCIENTS

Lflrf’ c m “ PEJO c1



.Sj @EA>f_G<!
-8C)”C .993 .963
-5°C .975 .966
+ 7*C .967 .9f3Ci

+ Nr”c .954 .960
+75°C .945 .956

Table 4 L(MD VOLTAGE INIENSIIY  (> H I I 1( :IE N !:; v:.
lTMfIC[lATURE

Panel Design

The prmel  de:iign was severely ccmstrained t,,  t) N! wv (1111  iil II t\J

requirementt.lwt  ell cxxnponents  be on the front side. tJ it, r I ii  I y I, ,tiI:

requirement of maximuln 0.6 nT [dynamic ficl[i) ald t}lr! I u I AW

requirements at f30M (beginning of missicm),  MDI’  (rl~id: k: .,gf I
point] and RIM (end of mission). T h e  out,ix]i!!  (j [,,, I(:I

eccomrrmcfates a magnctrmwter  etthe  ootbotird L,clg  I: to d [:; s,,lc;t  I
has the Iergest potential impect. on the errey stiti{  1] IO(I lt~t,: f II k;

Outboerd panel  powor is provided by fwe circuit:,  01 [Ml I{ sill 01 I
solar cells, subdrvrded  Into five strings each cd ti”7 C.CIIS ISC: K!:,
(Figure E’]. The cell size is 2.57 cm x 5.88 crrE, III grNwI  t, [.:(J,
string is arranged WI its negative terminaticm at tJle h NW’( t cIII, of

the panc;l  tmd its prrsitive  tin nination  at the upper ~!dg(:  (d t})(  j)i  It M?’

Each shingh~s  a tab attached to the rear of tl,e ~47LJI  C(,II Ir! s[, 1(;!,

to acl as a shunt tap. The positive end shunt tmj~ kmd wil *!s IN.(I
routed to the lower panel edge down a cell goj I mija:  (,111 u) t} if:

string. This minimizes the net magnetic morlwni  f(,l t] I[! w i(l~!
Strings are laid out track LO beck along the panel so tJi;\! I r Ii i;lrli ti(

moments cancel.

In each magneddfy cxmcol  ed string pair,  UN C:OI  LIil wt,  lrl t o
magnetic field etthe magnetometer of the outf)ood  r! ti:: I d II; cli till:
pair is slightly greetm  titan the inbclard memb(!r  of t} II! 1) i{ 1 [!

compensate for Lflis, the shunt and positive k!ad wire!, ii, !’ ~i IL] {’
of the fourth circuit (being the inboard member c,f il’. p: ;Ir)  [In:
routed adjecent  LO the nc:xt  inboerd pair [strings 3 orKl d c)’ c.i w~
4] WI provide an extra  Iarg[!  current Ioc]p. The mm t!rl(  Iu<,l ) p m ({[);

e magndc  field [;ontribtioo  at the magnetornctxl  v.,t ii: I I t)i~!t)~ TI I. ,
Out the SUrpkI~ field Contribution frOnl  the OLJL~loilt d r! !fv 1,11( of
eech string pair. l’he exception LO the general run. of sIJ.i~iI! 10,? I.1[

o n  the out.hrnwd  panel is circuit 5 - tile onc n~,)f f ;L rJl{:
magnctmneter.  1 he panel narrows toward tile o~lttwti!  d t!(i,I[, i]l)J

cannot accommodate a full string length. Alsc).  tf wri! i: rx, ]rr I f u ~
only three substrings  in this area of the panel. S!.rmg  1 of t I It> f~frJ I

cirwit  is thus laid out in two substrings: one of [+’t cell!. w:r  (!!, tht:
other of 30 cells series. The shunt  wire is [.CIWII!,  (IXI 1{) LJII:
negatk  t.m-minrition  of tile sf~ortar  string S!4 II ig ? (,I t; w fJtJ I
circuit, is laid out in a similar configuration, ex[;cllt  tht+! t I IL,  :.lKIrtw

string is iocatecl at LJle inboard edge of the panel rimu  II.; d I j ),1( I(.I

trirlgt:s The out{loing ottd return wires from the inboard edge are

twisti;d  brgetl lc!r  to produ(.e  no net field. Because of their proximity
t o  tilt nl[l[lr~(.U]il  lE!lJ!r, ea[;tj o f  the three substrings a r e

I -i ty routino positive wiring down each siderrl<  lgt i[ii[ .alty St!ff  cancl: [:.
O( eocll string Compensation wire loops are provided for each

subst[  (r lg LA rnukc onc clf ttw t;urrent  paths more resisdve and
hr!! ,C e t, anspcrrL sligi itiy I[!s:, corrrmt  then its counterpam.  In this

wy, tJII, nel rrmgrwtic  f}tdd al LJw magnetometer can be minimized,

1 ht.  frve sbin[gs ccmsdtuting a circuit are paralleled together at
a t (! I n lit )ai Imw cl lm;at~!cl  along tile lower panel edge. This board

also s~ll~por~’;  tiK: by PLISS tflodrx; for each circuit. Each haff of the
ti~~;oii  lt[, LJw  sht.mt  LOI, fminl]  is prctected by three paral)el  bypass

dlcd[  !s l’hree diodes are use d to provide adequate derating and
rwkmiwcy  i(l tJI(-: eveI  IL of shallowing or cell breakage, The positive

and rct{lrrl  wiring fc!r  each of tJle fwe circuit terminal boards is
mutx:ci  along LJW loww p:wel edge to another terminal board on the

outer ~mnel inm!r edge 1 his board supports redundant blocking
dmdes for r!ach cil (;(lil fir)cl a common negative bus, It is

n!cfwldmt$wimxf  tJI U K! prrwur  ol~wt  connector also located elong
tJI(,  inlmr panel edge l“he shunt wires are rootad directly from

chuit terrrrinal  boards to cormectmr. The outboard panel also has
two WI }flerwmrw  sensors arKi  two groups of four cells series wired
to a L.el(:lnetry  c.ormector orl t-ho inboard panel edge.

1 II( inboarcl pan[:l ~tc.[.orr-rn  lodatas a sun sensor on the upper
oLrll  ,oa’~i  edge. [>~+rl~!l ~)(wwr  is provided by six circuits of GaAs/Ge
s{:~,lr C~!lIS,  Sobdfiiclt!{i  Inb]  t!iglll stri(~gs  of 38 cells series (Figure 3]

The m:tl  sizt: i:, ? 24 (;rl I x [;.08  cms In general, each string

oc~;upk::.  hal( the ponel width witil  the ncghre  termination along a
pwwl  f~lge arid tJ K, fmsitic  Ler(llirmtion  along the penel  center line.

Fact r suing is brokel I trft~!r  tile 17th  series cell LO allow for shunt
taI,. 1 t w shunt LWE. for aclj.xfmt  strings in the same circuit are
p(+rallded [arh  cix:uit  I,,>!, foor of its strings in the upper haff of the
panel a:d tlK:  other fcmf  in tile lower half. In this way the panel has
alrl  Krsl  flerfc(;t  syl I lrl wt~y  arid LJlcrefore  elrnosL perfect magnetic

cmc.ellation. WC sy t Kr ietry  is nol perfect because the outboard

edge of the panr!l cw  I only accommodate three strings due tn the
s~wc.e:.  nc(;opied t )y SUI r swlsor  ar Id panel hinges. As a resuft,  the
Op[IIISII  Iy stJinLls of cac.t I circuit ore staggered by one row, The

intmr~i edg{!  oftlw porj(ll  narltrvw  and panel symmetry is lost in this
arcs sirl~e  it (:ern c)rlly ar:[.cIII  m)nci[ite three strings Ieid edjacent  ti

earJ,  CIU lc:r.  T WC, trf UK:SC strings are connected LO the lower panel

half, wf lile the olJ)er is [;ormcctd  LO the upper penel haH.

Iht,  rlegodvr!  suing terl nilmtions  are paralleled along the upper
I dg[!:.  ir) groups of four and the redundant leadand lclw~!r [)iMM:  e

wirirlg  fur each WCWII is rootecl  LO a terminal board located at the
low;’ e(ige crf the rmrrc)w  inboard section of the panel. The positive

st.rirlg tcrlninatiorw  aI e [mrallrded  along the panel center-fine in



groups of eight ancl the redundant lead wiring for f:ac.11  {, () Ii} I,,
routod along the c;cnlral  avenue of the panel dowr} w UK.  t[v t, II I,d

board ‘ihc! shuollai)s  for the upper and lower hrrtvcs of WIC I ( u i!!
are spliced together in the central  avenue and tiw sit S1 W]L  v,ir t,,
are then routed Efirectiy b the connectm.  The terf!”lij  !,:1 b w, (I

supports redundrrnt  blocldng diodes for each circuil w K; a r ( u I i II II I
negodve  bus. It is redundantly wired to the panel pcwve’ (.( lrv It ::tt )1

on the lower panel  edge.  Tlte GaAs/Ge  cells ara nm e W: I tit .W t.,
degradation due tn r e v e r s e  b i a s  t h a n  tJiI:  sil{r.{tw,  (.t!!t~,

Ccmsequmtly,  bypass diodes am required approxinw!ely I,, :r, f [, .,(
cells to provide adequate protection against sha(lowrl[r  lt, t,t

pass diodes  am attached via splices and wim 1,!;, (1: t~) L;JIN,
emerging fmrntire  marsidc of every fourth or filtit c(-:11  ii) :,(vw WIII

LO the string termination tabs and shunt taps.

Qualification Program

In order to gain confidence that the flight arlwy dc!.IEI[  I wcI.Jd
surviva the! aembr-ddng  environment, a qualificaticrrf  porw! VJ:I t) IIb.

of flight representative c;omponertls.  The panet [.CIW,I  .I~xi 1)1 a
silicon circu”~  of fwc strings laid out identically LA] tm i.w(’, :, ( lf t I x!

outboard flight panel, a circuit terminal board vvil~i sip. l)) FIi  I:.  s

diodes mounted in fhghlrmnfiguration  used m paralkd  LJ II. lIVL: IIN I m

cdl strings into a circu’~, a GaAs/Ge  circuit of ei~t 1: :.t]il I{ I’. k, d (1.tt
in perfect symmetry ecrc]ss  the panel center lirw I,y fItiL.l,  f; [I[u,!,
every fourth or fifth cell to provide shadow pr(l~~!cLt{  II I f w (!i .r .h
GaAs/Gc  string, a terminal board with two pairs cd r (:tiu 1:1, ,~11

blocking diodes two flighl like thermistors; a power  cm rvr:(  .f, a
telemehy  connectir  and appropriate wiring 10 c o{~l lt [:1 { J 1) w

components Ttm qualihcation  panel had an addrti, ~rwl 1 i ft:’ [II, t.:>
platelets bonded m it to simulate the mass of UN: n]i!.:.i, 10 t, .l.r~.. e

of flight. panel components High temperature sokk,(  ivil[ u ,(xI
Lhroughoulfor  all joints that were neither weldc!d  rm (;( it I I;IL,( i ‘1 W(I
cells were intentionally broken in eac;h circuit ENKl rqd, i: :i!(i (u i ip
high Lomperalurc  solder. The panel was subjec;b,d t[, i: :-I  I I ll’1l.  ILI

acoustic test. to an overall sound level of 143.6 df I S ]f t: f q w: I!Jy
the panel was placmd in E] vacuum chamber and L}lw r, I i’ :,1 m 1.(c:
between -I O-C and + 193*C  for ?O.3 cycles ar), i tJI(:I  II I;II Iy. Iwi
between -145*C nnd + ICK)”C  for 10 cycles. [)(I ilt{f  o:i(> [I’ tJI(”.~.

cycles, the hot. extreme was increased tn 165°C  I iri:dt~  I III p .r Irl

was helcl in vacuum at ‘l fJO”C  until the tctal cliipstl~ ti II,  fo.

thermaf cycle and bake out was 16EI hours. [)c,s~)it[,  t) II Ii, 101 I ILI:,
n?XUre of this Lesl program, only the normal E!L4J.di(Ii’I  rt~II u, il l~,m.

morlality was ob:;erved 1 here was no delamirl;  tirm [u I;i I !:! I.,tn:
failures.

Flight Panel Performance and Tast

The suux!ss  of tlm q u a l i f i c a t i o n  parml irl s(nvl.i I{) l] u
aerobrwking  environmc!nl  permitted the initiati, jr! nl ii{;~)l! ~,{u u:

asswnbl~  The CkIAS/C+E:  schr  c;ells were fabricated using stats-of-
the art MOVH  tt:chrmlogy After front side weld interconnect
atlochrr  Ilmt, tJ le CCIIS were fdtx!red  with 5 rnil ceria d o p e d
rnit.  r cl!;tloot. C.overfl lass arid tested at constant current. The
f!le(;trica! ~jisb’itwt,icm  of the CIC pcipulation resufted  in an average

effi<;icncy over tlic build of 18.?OA,  The silicon cell build was also
:;uc.cxx.sf~d.  produ(ing all abfmagr!  efficiency over the CIC population
of 14.W( 1 hc [XX of earJI M!ll type were series welded into strings
ancl barded to thf; gr~[)tjite panel subsb-ates  by vacuum bag
tmhrriqur:  After a:;scml~fy,  tl w fkglt panels were errangad in a flight
winLl  c> mfllpra[ion,  witJ  I E) rnagf wlmneter  attached Lo the outboard

edgo of IIIC! o~tlmard  parlei  1 he two panels were energized using
a ptnw!r  suppfy  to ~) cm  wt Iovcl equivalent to the flight condition at
Mt:ls  1 he rnagnctic flt!kl  of each panel and the two panels
conll}in(,(l was rrma:;  ured  by the magnetometer. The results are

relmweij  in [molt mr I mpcr at this conference. The measured
mo{frwt.~(. fields were occeptA~fy  c;lose to tile specihd  maximum

fiel,:l rtiq(jil enw!nl  and a!; such represent the iowesl magnetic fields
ever prmlucecl  try B scdw  (.f:ll  art ay

1 tic or;ce[tancc  LC!;WIII  of LIW fhghl panels included a 1 minute

aceu!.th.  teal  10 an clw(tlfl  sound level of 139,6 dB, six thermal
vacuun  I cytk;s twtwec!n.  1 ?5”C: and + EIC)”C with the hot extreme

dwing  c, N; of these c:yc.les  irlcreas;cd  to + 165*C. Fmalty the panels
wcr  c h[dd et 8Ct”C;  until txtal elapsed time for thermal cycle and

boke out w~s [iEI  hour:,  Ttw assf~ipped electrical performance of
all four panels exrxmdcd  spec~flc;ation  by an average 3.3% The

details JJI e Shcw-r irl Talk 4,

Llc.gg!remenl Actual m
GaA:./C;e  [)01 1 EJ.?? lt3.f33 + 3.380/0

(K),? 18.22 1 8.8? + 3.280/u
SI (K)l 14.t33 15.04 + 2.840/(

[K.)” 14.G3 15.16 + 3,66%

7 at do -1 I lJ (X t MN Ff llFi)FfMANCE  ICURRE  NT @ 3?VI

Allowing for losses irl wiring and blocking diodes, the on panel
effl(;iermics  aL tl w rnaxir rl~}f!  I power point were 18.9°A (GaAs/Gc]

and 14 .G”)(  [Si]  Finally, lf Ie inboard panels were shipped  al more
timn ‘1?% u(ndr!r  and tl )r! oulhoercf  pancfs 4% under the specifwd

nl[lxinv Ifn adci  cm mass 1 he detmils are shown in Table 5.

[@~@m:mt w @!lt,!k,
(kN$/c-;c! CI)I 1345 Ibs 11.74 Itls -1 2.7%

(1)2 134 E)lbs 11.84 fbs -1 2.(FY6
:;i C[)l E\.6C)  fbs W? Ibs - 3.9?40

Cro:” H.Eic)  Ibs 8.?2 Ibs 4 . 4 %
“1a! de 5 MC+S A! )[ ) ON MAS$S
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CONCLUSIONS

_fhc MGS solar arrays are completed Oigtlt  OCK;c!pLOr,,:  c I,cs..>
and were dolivwed to Lockheed Mar-tin for sprmec.mft  ~rILJ:[lt I Iti. Ir i
during the past Summer. The launch is scheduled fll~ N{mm J M-f,

1996. M(X is t.ho fimt.  in a planned swios of spacoci~lfi  t},:it  i or, I I
the Mb to Mars pmgrrm I t is one of ttrc frs[  niimif,-l!, tI-l I,(,
mmductal  under the NASA FasWr, Bcrt&ro Cheapc, g~~:IL.l,l ,C:

The MGS solar array technical mquimrnents ant) st;lwdt  de vm. t!
extremely demanding, Prclbabty more than eny [ mwiow; N M J1
mission. These included vary high temperat,w e sw vi<it’ tile},

extensive thermal cycling, high specihc  power [pcwi:r /rf\iv;:.]  IVVI y
Iowtdzil  maf@c  rrwmer#+ use of silicon and Mc;/C~ c.tl [.ir~ uiI.,
on tho sarnc  array (different panels], and a perforrrlam;c :.: t }[.ljuh
between a half to a third that of previous NASA [’V sy.hxIt  1 iy

*@~  ~ Ef ~am f-ockh=mam”n.  SPCC41(IlalJ, m d J ‘L.

were able w develop real time soludons to any IIr otJII,I  w As o

m t.fn - solar array mat or exceeded ell ~q!Ji’l!rli(lllS  ord
successfully completed quafiilcetion  and ecceptanso to[.~ir  to w ):i

met the necessary delivery date. The fourteen rrlcmtl!  1, op w II
duration is a faster array build cycle then has bew I t~i[~d  Ii!
singlo ncmrecurfing arrays. The performance of tilt on  i;

be ttered  the primary rvquiremonts for rnas:;, pcw,w,  arI;:
magnetic momont And the overall cost was kept to ti IIF (Irl<lini I!

~ ~lue b n~nimizing  design  Changes  dufirli) tiIC i)rl.ro  art I

A word of cxdon needs to be expressed howw:r.  NfLc;A  1~’m ,!.
call for a sign”flcrtnt  increase in tho number cjf lwmcI~I: y w 1.i

1~rrkions.The  rw~t.y of these will be :.cd{n  lwwt.rw  I
These missions will extend the rango  of ptmlovL,h,,iC;~.  1,,

environments end operating condtions  htierto  n( CL e ~ )(,( irv  I .e I I
Those will include higher and lower operating tmlllwrtlull  (.s,  lw!~
particulate radiation under low operating tem~ mrah tr es. w I ,t LI

few. Most array designs have evolved fmm Earth  or-biiirql sy~rJ ,[rt.

and es seen with the MGS array, sign”flcant new rcq,.liwrruw[f.  ,CW I
be e~ected from VW future missions. The repid si KWCC> ult t ILti’:1
cycles and Iimbd funding avrlilable may not atwt~y.;  rw.,.!f( I-I ii

successfd  minidevelopmenl program as discussed here, k wiI n{ t
atwa~ be p=sible  for the array nlanufactumr to DIJI )fy I [](+[ ) t, I c]
ongoing pmducdon  pmgrern fWS4 missions, even lit IdeI 0( ILil I i s.b
SCenaNOS,  a r e  likely b Mn]ain EJt 10SS tilorl  ~]% O f  II*I 0, It,,
nmnuf~ emxrol  * o n .  ConsequontJy, it i:. not t 1:.;lr dIi,1
sufficient resources end sokrdons  can always Lm rw,)ilol,h. U, d lr

Wm%fmXfneedsofa smfJfptmgmm.  Ths is an arue wfwt:  it w,,u’:1
be worthwhile for NASA  to consider dew:k,[}irl~!  :;[,(. tit,
technologies for future missions.

The wok described in this paper was pardalty perfot  ~>)e: I t,~
JPL. California Insdtuw  of Technology, under e COI  Itmci witji  d},,

National Aemnautim and Space Administration
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